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[Name of Document] Specification 
[Title of the Invention] 

Sheet glass bending method 
[Claim] 

[Claim 1] A sheet glass bending method of bending a sheet 
glass, which has been heated up to a temperature near its 
softening point, into a configuration in conformity with a 
mold surface shape by sucking said sheet glass onto the 
surface of a suction bending mold, characterized in that the 
interior of said suction bending mold is divided into a 
plurality of suction chambers, and the timings of suction 
made by said suction chambers are shifted from one another 
for gradually bending said sheet glass from a particular 
portion to another portion in order. 
[Detailed Description of the Invention] 

[Industrial Field to be Applied] 

The present invention relates to a method of bending a 
sheet glass by using a suction bending mold. 

[Prior Art] 



In Japanese patent laid-open publication No. 62-270429 
or No. 62-30136, there is disclosed a method of bending a 
sheet glass, which has been heated up to a temperature near 
its softening point, into a configuration in conformity with 
a mold surface shape by sucking the sheet glass onto the 
surface of a suction bending mold. 

With the former publication, the suction bending mold 
(of convex type) is disposed inside a furnace, and the heated 
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sheet glass is floated with the aid of air and pressed 
against the bending surface of the suction bendfng mold under 
suction, thereby bending the sheet glass. With the latter 
publication, the heated glass is lifted by a ring mold and 
pressed against the bending surface of the suction bending 
mold under suction, thereby bending the sheet glass. 

In the above-mentioned prior art, adhesion forces may be 
lowered because of a large amount of air flowing in through 
suction holes of the bending mold which are positioned in 
portions not contacted with the sheet glass. For eliminating 
such a disadvantage, therefore, it is proposed in Japanese 
utility model laid-open publication No. 63-27443 and Japa- 
nese patent laid-open publication No. 59-232926 to divide the 
interior of the bending mold into a plurality of chambers and 
set suction pressures of the individual chambers to be dif- 
ferent from one another. 

[Problem to be Solved by the Invention] 

The above-mentioned prior art in which the interior of 
the bending mold is divided into a plurality of chambers, 
however, also has the disadvantages illustrated in Fig. 8 or 
9 because the plurality of chambers are operated to start 
suction at the same time. 

More specifically. Fig. 8(a) shows a state before suc- 
tion in which peripheral edges of a heated sheet glass G is 
pressed by a ring moid 101 against the surface of a suction 
bending mold 100 of convex type. When the suction is started 
under such a state, the air residing between the sheet glass 
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G and the surface of the bending mold 100 cannot escape 
therefrom, as shown in Fig. 8(b), whereby reversely curved 
portions are partly formed and a reflecting distortion is 
worsened. 

Also, Fig. 9(a) shows a state before suction in which 
peripheral edges of a heated sheet glass G is pressed by a 
ring mold 101 against the surface of a suction bending mold 
100 of reversal type that the mold surface is partly con- 
caved. When the suction is started under such a state, the 
sheet glass G may be broken because of being unable to spread 
properly following the mold surface, as shown in Fig. 9(b). 
[Means for Solving the Problem] 

To solve the above problem, the present invention is 
intended for a sheet glass bending method using a suction 
bending mold, wherein the interior of said suction bending 
mold is divided into a plurality of suction chambers, and the 
timings of suction made by said suction chambers are shifted 
from one another for gradually bending said sheet glass from 
a particular portion to another portion in order. 
[Operation] 

With the timings of suction made by the suction chambers 
shifted from one another, the sheet glass is successively and 
gradually bent from a central portion or one side portion to 
another portion thereof. 
[Embodiment] 

Hereinafter, embodiments of the present invention will 
be described with reference to the attached drawings. Fig. 1 
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is an overall view of an apparatus used for practicing a 
sheet glass bending method according to the present inven- 
tion, Fig. 2 is a cross-sectional view of a suction bending 
mold, and Fig. 3 is a plan view of the suction bending mold. 

In Fig. 1, denoted by reference numeral 1 is a tunnel- 
type heating furnace. A bending stage SI is provided on the 
downstream side (i.e., the right side in the drawing) of the 

9 

heating furnace 1, and a quenching stage S2 is provided on 
the downstream side of the bending stage SI. 

A plurality of conveyor rollers 2... are arranged over a 
span from the inside of the heating furnace 1 to the bending 
stage SI. In an upper portion of the bending stage SI, a 
suction bending mold 3 is disposed which is vertically mova- 
ble and serves as an upper mold. Below the suction bending 
mold 3, there is disposed a ring mold 4 which is also verti- 
cally movable. Further, in-mold rollers 5 being vertically 
movable are disposed inwardly of the ring mold 4. 

In the quenching stage S2, a pair of quenching boxes 6, 
7 for jetting cooling air are disposed to be vertically 
spaced with a quenching ring 8 provided between the quenching 
boxes 6 and 7. The quenching ring 8 is reciprocally movable 
between the bending stage SI and the quenching stage S2. 

The suction bending mold 3 is formed, as shown in Figs. 
2 and 3, into a box-like shape having a lower surface as a 
convex shaping or bending surface 31. A number of suction 
holes 32 are defined in the bending surface 30, and the 
interior of the box-shaped mold is divided by partitions 33 
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into a plurality of suction chambers CI, C2, C3. 

Of the above plural suction chambers, the central suc- 
tion chamber CI is connected to a vacuum device 36 via a duct 
34 and a valve 35, while the chambers C2, C3 on both sides 
are connected to a vacuum device 39 via a duct 37 and a valve 
38 common to both the chambers. 

Further, the lower bending surface 31 of the suction 
bending mold 3 is entirely covered with a surface material 41 
fastened to hooks 40 and made of glass cloth or metal cloth, 
so that tracks of the suction holes 32 will not be trans- 
ferred onto a sheet glass G when it is bent under suction, 

A method of bending the sheet glass G by using the 
apparatus thus constructed will now be described. 

First, the sheet glass G is heated up to a temperature 
near its softening point while passing through the heating 
furnace 1 over the conveyor rollers 2. The sheet glass G is 
then transferred from the conveyor rollers 2 onto the in-mold 
rollers 5. 

After that, the in-mold rollers 5 are lowered for trans- 



ferring the sheet glass G onto the ring mold 4. In parallel 
with the lowering of the in-raold rollers 5, the suction 
bending mold 3 is also lowered. Before the suction bending 
mold 3 starts lowering, the valves 35, 36 are both opened and 
no suction forces are applied to the bending surface 31 of 
the suction bending mold 3. At the same time as when the 
suction bending mold 3 starts lowering, the valve 35 is 
closed to reduce a pressure in the central suction chamber CI 
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so that suction forces are applied to an area of the bending 
surface 31 corresponding to the central suction chamber CI, 

When the suction bending mold 3 continues lowering and 
comes closer to a final position of the lowering stroke under 
that condition, i.e«, when the bending surface 31 of the 
suction bending mold 3 approaches the sheet glass G on the 
ring mold 4, a central portion of the sheet glass G is sucked 
to the area of the bending 1 surface 31 corresponding to the 
central suction chamber CI, as shown in Fig. 4. 

It is to be noted that while the central portion of the 
sheet glass G is first sucked when the suction bending mold 3 
is of a convex mold as shown, a portion of the sheet glass G 
corresponding to a recessed bending surface is first sucked 
when the suction bending mold 3 is of the reversal type. 

Then, at the same as when the central portion of the 
sheet glass G is sucked, the valve 38 is closed to apply 
suction forces through the suction chambers C2, C3 on both 
sides as well, so that both side portions of the sheet glass 
G are sucked by areas of the bending surface 31 corresponding 
to the suction chambers C2, C3, thereby entirely bending the 
sheet glass G in conformity with the bending surface 31, as 
shown in Fig. 5. 

After that, the suction bending mold 3 holding the sheet 
glass G sucked thereto is raised, and the quenching ring 8 is 
moved to enter the bending stage at a level below the suction 
bending mold 3 (but above the ring mold 4). The valves 35, 
38 are now opened to release the suction forces, whereupon 
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the sheet glass G is transferred from the suction bending 
mold 3 onto the quenching ring 8. Subsequently, the quench- 
ing ring 8 supporting the sheet glass G is moved to enter 
between the quenching boxes 6 and 7 in the quenching stage 
S2, followed which the sheet glass G is quenched, i.e., 
hardened under quick cooling. 

Figs. 6(a) to 6(d) are views showing other embodiments 
of the suction bending mold. Those molds shown in Figs. 6(a) 
to 6(c) are each suitable to form a deeply bent product with 



its upper portion bent into a cap-like shape, as shown in 
Fig. 7(a). More specifically, the mold shown in Fig. 6(a) 
has a small chamber C4 defined along the upper side above the 
central chamber CI. The mold shown in Fig. 6(b) has a small 
chamber C4 defined to cover the central chamber CI and the 
chambers C2, C3 on both sides. The mold shown in Fig. 6(c) 
has small chambers C4, C5, C6 defined along the upper side, 
respectively, corresponding to the central chamber CI and the 
chambers C2, C3 on both sides. 

* 

Also, the mold shown in Fig. 6(d) is suitable to form a 
bent product of the type shown in Fig. 7(b). More specifi- 
cally, this mold comprises an upper side chamber C7 and a 
lower side chamber C8. 

It is to be noted while the quenching stage is disposed 
on the downstream side of the bending stage in the illustrat- 
ed embodiment, the bending method according to the present 
invention can be applied to any bending methods so long as 
the suction bending mold is used therein. 
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Further, the suction bending mold may be any of a convex 
mold, a concave mold, an upper mold, a lower mold, and a 
suspended pressing mold. The suction means may be of a 
blower, an ejector pump, a vacuum pump, a vacuum tank, or a 
combination of some thereof. In addition, the suction pres- 
sures may be different from one another in the suction cham- 
bers. 

[Effect of the Invention] 

According to the present invention, as described above, 
in a sheet glass bending method using a suction bending mold 
of which interior is divided into a plurality of suction 
chambers, the timings of suction made by the plurality of 
suction chambers are shifted from one another for successive- 
ly and gradually bending a sheet glass from a central portion 
or one side portion to another portion. As a result, a 
deeply bent product can be formed accurately and smoothly 
with no fear of that air may not reside between the sheet 
' glass and the bending surface, or that the sheet glass may 
be cracked because of being unable to properly spread follow- 
ing the bending surface. 
[Brief Description of the Drawings] 

Fig. 1 is an overall view of an apparatus used for 
practicing a sheet glass bending method according to the 
present invention* 

Fig. 2 is a cross-sectional view of a suction bending 

mold. 

Fig. 3 is a plan view of the suction bending mold. 
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Fig. 4 is a cross-sectional view of the suction bending 
mold showing a condition in the course of bending. 

Fig. 5 is a cross-sectional view of the suction bending 
mold showing a condition in the course of bending. 

Figs. 6(a) to 6(d) are plan cross-sectional views show- 
ing other embodiments of the suction bending mold. 

Figs. 7(a) and 7(b) are each a perspective view of a 
sheet glass formed by corresponding one(s) of the suction 
bending molds shown in Fig. 6. 

Figs. 8(a) and 8(b) are views showing conventional 
bending methods and disadvantages thereof. 

Figs. 9(a) and 9(b) are views showing conventional 
bending methods and disadvantages thereof. 
[Reference Numerals] 

1.. .heating furnace, 3. ..suction bending mold, 4. ..ring 
mold, 6, 7. . .quenching box, 8. . .quenching ring, 31. ..bending 
surface, 32. ..suction hole, 33. . .par ti tion , CI, C2, C3, C4, 
C5, C6, C7, C8... suction chamber, G. . . sheet glass, SI... 
bending stage, and S2. . .quenching state. 
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FIG.1 





10/25 





10/25 10:32 1995 FROM: 




ASHI & ASSOCIATES 



81338145970 



TO: 1234567 



# 



No. 4073 P. 18/24 



PAGE : 1 8 



[Name of Document] Abstract 
[Summary] 

[Object] An object is to bend a sheet glass by a suction 
bending moid in such a manner as no to cause cracks or re- 
flection distortions. 

[Construction] When a bending surface 31 of a suction bend- 
ing mold 3 approaches a sheet glass G on a ring mold 4, a 
central portion of the sheet glass G is sucked to an area of 
the bending surface 31 corresponding to a central suction 
chamber CI. Then, a pressure in suction chambers C2, C3 on 



both sides is reduced so that both side portions of the sheet 
glass G are sucked by areas of the bending surface 31 corre- 
sponding to the suction chambers C2, C3. 



[Selected Figure] Fig. 4 
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FIG. 4 
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